weights were expressed on a wet weight basis and the state of fasting was assessed according 22 to the criteria set by Chevillon (1994) . The contents were mixed and a qualitative assessment 23 of contents was made (sawdust from the truck, liquid or feed). The percentage of dry matter 24 (DM) was calculated after lyophilization at 50°C. 25
Microbial Analysis on the Carcass 1
Carcasses from all animals that had been observed during unloading and lairage were 2 sampled. Swabbing was carried out using a sterile sponge kept in a Whirl-pak™ sampling 3 bags (#B01245, Nasco, Fort Atkinson, WI). Ten milliliters of diluent constituted of 0.1% 4 peptone water supplemented with 1% Tween 80 was added to each bag and samples were 5 maintained on ice for transportation and kept at 4 o C until analysis. The sponge was applied 6 on the internal rib cage, on the briskets and on the top of the two front feet for a total 7 approximate surface of 983 cm 2 . Escherichia coli, coliforms and total aerobic mesophilic 8 (TAM) counts were performed using hydrophobic grid membrane techniques described by 9
Gill and Jones (2000) handling towards the restrainer were analysed with a Wilcoxon-Mann-Whitney test. In 25 lairage, behavioural data were analysed with a Friedman test for continuous measures 1 (drinking and aggressive behaviours), and by analysis of variance with repeated measures for 2 postures (lying down or standing). Corticoids and catecholamines were analysed after log 3 transformation to correct for deviation from normality, which was assessed by a Shapiro-Wilk 4 test. These data were submitted to an analysis of variance according to a 2 x 2 factorial design 5 in complete randomized blocks. Behavioural and hormonal data were only analysed for 9 6 blocks, because observation conditions were different on the first week due to technical 7 problems. Stomach data were also submitted to analysis of variance, with the exception of 8 content type data, which were analysed by a Chi-square test. Meat quality data were 9 submitted to an analysis of variance according to a 2 x 2 factorial design in complete 10 randomized blocks. For carcass contamination level, all bacterial counts were transformed to 11
Log values and a Shapiro-Wilk test for normal distribution was applied. Log values of the 12 means (log A) for sets of counts were calculated from the formula Log A= x + Log n 10 13 No interactions were found between handling quality and group size during lairage for 21 any of the variables under study. Thus data were pooled across treatments and discussed 22 according to the main effects of handling type and group size only. 23
24

RESULTS
25
Behavioural Observations 1
During unloading from the truck, rough handling increased the frequency of climbing (P < 2 0.05), slipping (P < 0.01) and turning around (P < 0.001) ( Table 1 ). In the stunning chute, 3 rough handling only increased the frequency of climbing (P < 0.05) ( Table 1) . 4
In lairage, the pigs kept in large groups were observed more often standing (P < 0.05) 5 than pigs in small groups, which spent more time lying (P < 0.05). No significant differences 6 in postures were observed between RH and GH pigs (Standing: RH = 55.8 % ± 8.2 and GH = 7 55.7 % ± 8.6 and lying down: RH = 44.2 % ± 8.2 and GH = 44.3 % ± 8.6). RH pigs were 8 observed less often drinking than GH pigs (10.4 % ± 5.3 vs 19.1 % ± 9; P < 0.01), whereas no 9 difference between groups sizes was recorded (group of 30: 13.6 % ± 5.0 and group of 10: 16 10 % ± 8.2). The pigs kept in large groups fought 10 times more than pigs in small groups (P < 11 0.001) and were more often observed in agonistic interactions (P < 0.05) (Fig. 3) . The type of 12 handling used to drive pigs to the pen did not influence the frequency of fighting and 13 agonistic interactions during lairage. The frequencies of fighting were 6.4 % ± 3.5 and 4.8 % 14 ± 2.1, and the frequencies of agonistic interactions were 6.2 % ± 1.1 and 8.7 % ± 2.3, for pigs 15 handled roughly and gently, respectively. Overall, at the start of the lairage period, 70 to 90 % 16 of pigs were standing, but this proportion decreased to 10 to 30 % at the end of the first hour 17 (Fig. 4) . 18
19
Physiological Measures 20
The type of handling had no impact on any physiological stress indicators in the urine at 21 slaughter, except for the cortisol concentration (Table 2) . Indeed, cortisol level increased (P < 22 0.05), although to a little extent, in the urine of pigs kept in small groups compared to those in 23 larger groups. 24 25
Stomach Weight and Content Composition 1
The handling quality and group size during lairage did not affect stomach weight (full and 2 empty) or DM of contents (Table 3 ). The number of stomachs containing liquid, sawdust or 3 feed was not different between treatments either (Table 4) . However, most of the stomachs 4 evaluated in this study contained mainly liquid (76.5%). Only 17.7% and 5.8 % of stomachs 5 contained feed and sawdust, respectively. In addition, taking into account the criteria set by 6
Chevillon (1994) to assess the fullness of stomachs due to incorrect fasting (≤ 1.4 kg for 7 stomach weight and ≤ 500 g for content weight), 24.6 % of the stomachs were full or partially 8 full. Of this proportion, 79.4 % contained mainly liquid. 9
10
Carcass Hygiene 11
The handling quality (rough vs gentle) and group size (10 vs 30 animals) applied during 12 lairage had no significant impact on the level of microbial carcass contamination whether it is 13 for the TAM, coliforms or E. coli counts ( Table 5 ). The 400 total aerobic mesophilic counts 14 were all well below 3 Log 10 CFU/cm Bruise score tended to be higher (P = 0.06) in RH pigs compared to GH ones ( Table 6 ). The 23 type of handling also influenced pork quality, pH 1 being lower (P < 0.01) and DL, EC and a* 24 13 (redness) values being higher (P < 0.05, P < 0.01 and P < 0.05, respectively) in the LT muscle 1 in RH. 2
Group size only affected the pH fall at 24 h post mortem, pHu value being slightly higher (P 3 < 0.01) in the LT muscle from pigs kept in the larger group size. 4
There is evidence that a shock with an electric prod is more aversive to pigs than 7 inhaling 90% CO 2 produced panic within the group, increasing escape attempts at unloading and at the entrance 12 into the stunning chute, thus making the group more difficult to handle. 13
The quality of handling from the unloading deck to the pen only had an effect on 14 drinking behaviour during lairage. GH pigs drank about twice more often than RH pigs. 15
Considering that GH pigs did not receive electric shocks during handling, it is possible that 16 they were less stressed and adapted faster to their new environment than RH pigs. This result 17 confirms the observation of Warriss (2000) about the effect of previous handling on the 18 behaviour of pigs in the lairage pen. 19
In practice, increased electric goading is often observed at the entrance into the 20 stunning chute as the handler has no other mean of dissolving a group of pigs and drive them 21 individually through the stun race at a constant speed. In this study, climbing behavior was 22 observed more often than turning around at this stage, as a result of the combined effect of 23 electric goading and low space allowance. Indeed, it is known that when space is reduced, 24 turning around is limited and pigs try to escape from the stressor (the electrical shock and the 25 treatments applied had no effect on the levels of urinary hormones at slaughter in this study. 20
Overall, the urinary levels of CA recorded in this study were higher than those reported by 21 These discrepancies between studies may be due to genetic differences (Hay and Mormède 25 1998; Mormède et al. 2004 ). Overall,.the lack of strong differences between treatments 1 suggest that the pre-slaughter management applied in this study was stressful for all pigs and 2 may have masked treatment effects. For instance, the lairage environment was noisy (82 to 3 108 dB). Geverink et al. (1998) showed that the noise produced by the machinery, pressure 4 hoses, and pig and human vocalisations represents a source of stress with which pigs cope by 5 huddling and escaping from the source of sound. Talling at al. (1996) and Kanitz and 6
Tuchscherer (2005) also reported an increased blood cortisol level and heart rate in pigs 7 submitted to high sound intensity level (85-97 dB). 8
Although treatments affected the behaviour of pigs during handling and lairage, they 9 had no impact on stomach weight. This contrasts with the findings by Enck et al. (1989) , that 10 gastric emptying was delayed in rats after stress. However, it is consistent with the 11 physiological response of pigs, which suggests that they were equally stressed, regardless of 12 treatment. In the present study, despite a fasting of 20 hours, 23.5% of stomachs were not 13 empty according to the criteria of Chevillon (1994). Of the stomachs that did not meet the 14 criteria, a high percentage contained liquid (79.4%). However, it should be noted that 15 treatments had no impact on stomach content, despite the fact that GH pigs drank more than 16 RH. The reason for the lack of impact of drinking behaviour during lairage on stomach 17 content weight and composition can be two-fold. On one hand, RH pigs might have drunk 18 more during the last two hours of lairage (not under observation), and compensated for their 19 lower drinking frequency in the first hour. On the other hand, given that liquid evacuation rate 20 from the stomach is higher than that of solid content (Gregory et al. 1990), the water 21 consumed by pigs during the first hour of lairage may have been absorbed or evacuated 22 before slaughter. 23
Given the precautions taken during the removal of the gastro-intestinal tract from the 24 carcass to avoid content spillage at sampling, only one stomach was perforated during 25 evisceration. Hence, the treatments applied in this study did not appear to affect the efficacy 1 of the evisceration procedure. The lack of difference between treatments in microbial carcass 2 contamination and in the number of carcass trimmed for visual contamination and defects 3 suggest that the stress conditions applied in this study had limited impact on the carcass 4 microbial quality. Indeed, overall carcass contamination was very low in our experiment. The 5 levels of TAM, coliforms or E. coli counts measured on all carcasses were within the 6 guidelines of the Meat Hygiene Manual (CFIA 2006), independently of the treatment applied. 7
Carcass trimming occurred mainly on week 10 (16.3 % of the carcasses), for no obvious 8
reason. This suggests that carcass contamination at that time may have been caused by an 9 unexpected event independent of the preslaughter handling conditions under study. 10
Botteldoorn et al. (2003) showed a high variation in the incidence of contaminated carcasses 11 between different sampling days both at the same abattoir (between 3 and 52%) and between 12 abattoirs (between 0 and 70%). 13
The increased climbing behaviour provoked by electric prodding of pigs at unloading 14 and right before slaughter increased the incidence of skin bruises on the carcass. Bruises may pigs (pats and strokes or slaps and electric goad hits) in the crowding pen prior to the final 1 race leading to the stunning area was directly correlated with the fear of the handler. In the 2 present study, the increased physical activity (climbing) a few minutes before slaughter 3 caused by the presence of the handler in combination with the electric shock generated by the 4 prod reduced muscle pH 1 and water-holding capacity of pork meat. 5
Despite the higher level of activity and aggressiveness observed in pigs kept in large 6 groups, group size had no effect on skin bruise score and had just a small, but not biologically 7 significant, effect on pH u . These results are surprising as fighting in lairage is usually 8 associated with a high bruise score on the carcass and high muscle pHu due to the effects of 9 physical activity on glycogen levels at slaughter (Warriss 1996; Gispert et al. 2000) . 
